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(57) [Abstract] 
[Constitution] 

gas turbine oil composition which designates mineral oil or 
synthetic oil of aromatic fraction content 0.5 weight % or 
less, sulfur content 5 ppm or less, viscosity index 10 0 or 
greater as base oil, in base oil alkylated diphenylamine 0.1-2 
wt%, alkylation phenyl-;al -naphthyl amine 0.1-3 wt%, 
phosphite combines at least 1 kind of 0.1 - 1 weight%, 
benzotriazole and its derivative at ratio of 0.001 - 0.5 
weight% 

[Effect(s)] 

As extremely high oxidative stability is shown, sludge 
generation quite is superior little in color stability, extends to 
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long period and shows oxidative stability. 

[Claim(s)] 
[Claim 1] 

gas turbine oil composition 0 where it designates mineral oil 
or synthetic oil of aromatic fraction content 0.5 weight % or 
less, sulfur content 5 ppm or less, viscosity index 10 0 or 
greater as base oil, in base oil alkylated diphenylamine 0.1-2 
wt%. alkylation phenyl-;al -naphthyl amine 0.1 - 3 wt%. 
phosphite combines at least 1 kind of 0.1 - 1 weight 0 /©, 
benzotriazole and its derivative at ratio of 0.001 - 0.5 * 
weight% and becomes and densely makes feature 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention regards gas turbine oil composition , it is 
something regarding gas turbine oil composition 
whichpossesses oxidative stability where as for details as 
extremely high oxidative stability is shown inunder high 
temperature condition, sludge generation quite is superior 
little in color stability, extends to long period and is high. 
[0002] 
[Prior Art] 

Until recently, lubricating oil which seriously considers 
oxidative stability like the gas turbine oil is produced, 
combining antioxidant and antirust agent, foam inhibitor or 
other various additives to base oil which consists of mineral 
oil. 

antioxidant with condensation polymerization of oxidation 
product which it occurs with process of oxidation of oil, as 
lubricating oil such as insoluble sludge production is used for 
the viscosity rise, oil with objective which prevents 
performance decrease. 

You can list DBPC (d-t-butyl p- cresol ), as substance which 
is known generally as antioxidant, but this is widely used for 
all lubricating oil such as turbine oil . 

But, use temperature condition because of severe, with 
general turbine oil oxidative stability being unsatisfactory , 
gas turbine dedicated oil which possesses oxidative stability 
which is superioreven under high temperature is used for gas 
turbine which becomes core of combined cycle electric power 
plant which is becoming mainstream of recent 

1 ^ i ^l^^+js^z^, 4.:^^ 
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> (Ottawa— *— -cfc^-tf^^xu^hu 
^a(WT ge tttB&-ro)ii,*^-tf>rc 

ffiffl-r*5S7t?*l^«»(GEK-32568A)*16lt. 
l*&:h/Cl"**1(ri*<D DBPC l*»3§tt-efc*fctf> 
A^A^^<blWih»^JtLTIia>^7(7)^t^1^0/)<^a 

[0003] 

*^ »(Dfijarzt)fc*»<bsesit4i5a**t 
lMbSejett*«"r^i:i*«ili. X9?3?a>ft£ 

[0004] 

*^T% Uai^fcit^StifcK^bS^tttiWx 



combustion-powered electricity generation. 

General Electric Co. (Below GE corporation you abbreviate. ) 
which is a representative maker of gas turbine for for example 
combined cycle generation ofelectricity provides standard 
(GEK-32568A ) in lubricating oil which is used for the gas 
turbine, recommends oil which passes to this. 

Therefore, in aforementioned gas turbine concerning 
acidification-preventing agent that can be used, as 
foraforementioned DBPC which is used until recently 
generally with turbine oil being inadequate because it is a 
volatility, those of type where heat resistance is high are 
required. 

various compound is known as this antioxidant, can list for 
example alkylated diphenylamine or other amine type 
antioxidant and high molecular weight hindered phenol etc. 

With conventional gas turbine oil, mixing amine type 
antioxidant and high molecular weight hindered phenol, it has 
used. 

[0003] 

[Problems to be Solved by the Invention] 

By way, improvement of quality which begins oxidative 
stability attendantupon improvement of thermal efficiency of 
gas turbine for recent combined cycle generation of 
electricity, concerning gas turbine oil has been required,from 
point, extension of oil change time which in addition 
originates in ease of maintenance, also oxidative stability 
which covers long period of the oil is demanded. 

Furthermore, with actual machine from aspect of practical 
performance concerningresi stance sludge characteristic of oil 
it is attachedimportance. 

Therefore, if only it passed to standard of aforementioned 
GE,fully is difficult to call performance as gas turbine oil, gas 
turbine oil composition whichpossesses oxidative stability 
where of course occurrence of sludge quite itis few, cover 
long period to show extremely high oxidative stability, in 
under a highertemperature condition is required. 

[0004] 

But, with gas turbine oil composition which uses from until 
recently antioxidant, as forfilling up performance which is 
required on description above it isdifficult. 

Then, in high temperature, development of gas turbine oil 
where it possesses the oxidative stability and resistance sludge 
characteristic which are superior,possesses oxidation 
resistance which at same time covers long period and 
issuperior is necessary. 
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As for this invention, considering to status of 
above-mentioned Prior Art, being something which it is 
possible, when it shows extremely high oxidative stability,in 
under high temperature condition simultaneously, sludge 
generation quite is superior littlein color stability, extends to 
long period and gas turbine oil composition which possesses 
oxidative stability is offered densely makes objective. 

[0005] 

[Means to Solve the Problems] 

As for these inventors, as for result of doing diligent 
investigation in order tosolve above-mentioned problem, 
mineral oil which possesses thespecific properties as base oil 
is used, furthermore as additive the extremely high oxidative 
stability is shown when by certain amount combining 
alkylated diphenylamine. alkylation phenyl-;al -naphthyl 
amine * phosphite * benzotriazole or its derivative,regarding 
high temperature simultaneously, sludge generation quite is 
little in thecolor stability being superior, It extends to long 
period and possesses oxidative stability discovering 
densely, this invention it reached to completion on basis of this 
knowledge. 

[0006] 

It is something which offers gas turbine oil composition 
where namely, this invention designates the mineral oil or 
synthetic oil of aromatic fraction content 0.5 weight % or 
lesss sulfur content 5 ppm or less* viscosity index 10 0 or 
greater as base oil, in base oil the alkylated diphenylamine 0.1 
- 2 wt% % alkylation phenyl-;al -naphthyl amine 0.1-3 wt%. 
phosphite combines at least 1 kind of 0.1- 1 weight%* 
benzotriazole and its derivative at ratio of 0.001 - 0.5 
weight% and becomes and densely makesfeature. 

Below, this invention is explained in detail. 
[0007] 

base oil which is used in gas turbine oil composition of this 
invention is mineral oil or synthetic oil whichpossesses 
specific properties. 

aromatic fraction content of this base oil is 0.5 weight % or 
less, being necessary densely, with preferably 0.1 weight % or 
less , it is a particularly preferably 0 weight%. 

This aromatic fraction content is something which was 
measured ring analysis method (n- d-m ),due to ASTM 
D3238. 

In addition, sulfur content of this base oil is 5 ppm or less, 
being necessarydensely, it is a preferably 2 ppm or less. 
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CCDSSIt^^SI*. JIS K254K SfcfiSSaSS 

s^^-rstcD-cfcy.s^cDttjsmiSA^ 100 

»A< 100-150 ^fc l J.$bl3»*L<ri 110-150 
Tfey. f$(w»*L<{4 115-150 TJfeSo 

Z(7)3teSfgai*.JIS K2283 |C«££*ITI*« 
[0008] 

<7> — 13 3t( 1 *t o 
[0009] 



This sulfur content is something which was measured due to 
JIS K254 1 * trace amount coulomb titration type oxidation 
method . 

Furthermore, as for this base oil, being something which 
possesses the viscosity which you can use as lubricating oil, 
viscosity index of base oil is 100 or greater, being necessary 
densely, preferably viscosity index with 100 - 150, 
furthermorewith preferably 1 10-150 , is particularly 
preferably 115-150. 

This viscosity index is something which was measured due to 
method which isstipulated in JIS K2283. 

When base oil does not fill up properties of above-mentioned 
range,desired performance is not acquired. 

Making preferred ones of this base oil, extraction it does for 
example vacuum gas oil with the furfural or other solvent, 
with methylethyl ketone or other solvent solvent dewaxing 
after doing, furthermore hydrogen itrefines raffinate which it 
acquires under high pressure, it can list thosewhich remove 
sulfur content or other impurity. 

[0008] 

Any preferred things of alkylated diphenylamine which is 
used for gas turbine oil composition of this invention are 
something which is displayed with General Formula (1) of 
Chemical Formula 1 . 

[0009] 

[Chemical Formula 1] 



(1) 



[0010] 

» 1-16 a>T;u^US^*-To ) 

tt\tmm& 3-9 <D7;u*;u*-cay. Wc» 
Wiii^n^ x>;Kn-:7PtfA^ -fv^Dfcf 

;K n-7T)\ss -fVZJ^K tert-^;U. . n-'O 
-fV'OfJk tert-'<>?- 

2-y^;u^^v;u. n-*^;u. 2-x^;u^i> 



[0010] 

(In Formula, R r% R 2 shows respective hydrogen atom, or 
alkyl group of the carbon number 1-16. ) 

In above Formula, those where R! and R 2 are desirable, with 
alkyl group of hydrogen atom or carbon number 3-9, are 
alkyl group of particularly preferably hydrogen atom or the 
carbon number 4 and 8. 

As embodiment of alkyl group of carbon number 1-16, you 
can list for example methyl * ethyl * n- propyl * isopropy 1 * 
n-butyk isobutyU t- butyl,and n- pentyU isopentyU 
neopentyk t- pentyU 2- methyl butyU n- hexyU 
isohexyU 3- methyl pentyU ethyl butyK n- heptyU 2- 
methylhexyk n-octyU 2- ethylhexyU 3- methyl heptyU 
n- nonyU methyl octyU ethyl heptyU n- decyU n- 
undecyU n- dodecyU n- tetradecyl etc. 
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[0011] 

[0012] 
[<b 2] 



(2) 




As preferred embodiment of alkylated diphenylamine, you 
can list for example p, p- dioctyl diphenylamine * octyl 
diphenylamine etc. 

It is possible to use these alkylated diphenylamine, with l 
kind alone it is possible to useand, combining 2 kinds or 
more. 

[OOll] 

alkylation phenyl-;al which is used for gas turbine oil 
composition of this invention -naphthyl amine any preferred 
things are something which is displayed with General 
Formula (2) of the Chemical Formula 2. 

[0012] 

[Chemical Formula 2] 



[0013] 

(*c*.r 3 \t^mm^L i~i6 <D7)\,*r)i,m*m. 

to) 

R 3 ©»*U**0>a\ mm®L 4-8 (DT^MrJfbS 
R3©JI(t«tLTI*,R,ai;R 2 tHai«!:T;b* 

[0014] 

**Z?7<<Hts h'JX(2-X5 1 ;i/^^ri/;u-3-y;U 
^^X^T-f K 5/7x=.;u-f y^v^U^X^T-f 



[0013] 

(In Formula, R 3 displays alkyi group of carbon number 
1-16.) 

Those where R 3 is desirable are alkyl group of carbon number 
4-8. 

As embodiment of R 3 , you can list alkyl group which is 
similar to R, and R 2 . 

alkylation phenyl-;al -naphthyl amine as suitable 
embodiment, you can list for example octyl conversion 
phenyl-;al -naphthyl amine. 

These alkylation phenyl-;al -naphthyl amine may use with 1 
kind alone it is possible to use and,combining 2 kinds or 
more. 

[0014] 

As for phosphite which is used for gas turbine oil composition 
of this invention, tris (2 -ethyihexyl-3- mercapto propionate ) 
phosphite, triphenyl phosphite . tri octadecyl phosphite, 
tristearyl phosphite, trilauryl tri thio phosphite, tri isooctyl 
phosphite, tris (nonyl phenyl ) phosphite, tricresyl 
phosphite, biphenyl isodecyl phosphite or other 
phosphorous acid trialkyl esters, phosphorous acid dialkyl 
ester and phosphorous acid monoalkyl esters etc are listed, 
with the preferably tris (alkyl phenyl ) phosphite , it is 
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09£LTIi<b 3 a>-A65K(3)T?S£*i,*>t,a>-efc 
[0015] 

[<b3] 



(3) 




something which is displayed with general formula (3)of 
Chemical Formula 3 as representative example. 



[0015] 

[Chemical Formula 3] 



(3£*. R,, R 5 \tmm®. 1-12 (DT^U^UST'fe 

y, #£L<i*#tsii» 2-6 <D7;u^;us-efc 

[0016] 

>7h'j7"y-^xt;^<D^sflci4. -ib 4 a>- 

[0017] 

Kb 4] 



(4) 



(In Formula, R4* R 5 with alkyl group of carbon number 1-12, 
is alkyl group of preferably carbon number 2-6. ) 

Among these tris (alkyl phenyl ) phosphite, especially 
desirable ones are tris (2 and 4 -t-butyl phenyl ) phosphite. 

[0016] 

benzotriazole and its derivative which is used for gas turbine 
oil composition of this invention, benzotriazole and the water 
soluble amine % aliphatic acid etc which are displayed with 
general formula (4) of Chemical Formula 4 reacting,is 
derivative which is acquired to that. 

[0017] 

[Chemical Formula 4] 



H 



[0018] 

5 <7>-||55S(5)XI;Mt 6 (D-fla5£(6)-e*S*i<5 



It is possible to use these benzotriazole and its derivative, 
with 1 kind alone it ispossible to use and, combining 2 kinds 
or more. 

[0018] 

Regarding gas turbine oil composition of this invention, 
furthermore oxidative stability * color stability of long period 
it can improve by adding alkyl succinic acid or its derivative. 

Any preferred things of derivative of alkyl succinic acid 
general formula of Chemical Formula 5 (5)or are something 
which is displayed with general formula (6) of Chemical 
Formula 6. 
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lit 5] 

Ri-CH-COOH 

i (5) 
Cft-COOR, 



[0020] 
lit 6] 

0 H 
II I 

R„CH = CHCHaCHCHzC - N - (CH 2 ) 2 - 
COOH 

[0021] 

±t& 2 O0>3£4^ R^ R, Stf R, 6-18 



Rs0>fcF2:Llvfe,tf>l*. 8tKt» 10-14 <DT)V>r— 

)i, m -q & y „ t# iz » $ l < I* K f -t?-;u 

(-CH, 2 H 25 )X li KfAiJxz ;U(-CH 12 H23) T? & 

So 

Rg AIX R 9 a>»*U>t<BI*» 0t5ii3& 8-16 037 
R*. Rg Rlf Rs OJIItfl&L'CM:. , flX.ltf'v*- 

[0022] 

R 7 <DMt*:^J<!:LTI*.^jtli n-^ne;k -fy? 
*>*;u, -fV^;u, :M-"C>?JK ten-* 

■frTffli^t,<fet>*< % »*L<ii2am±^ija^ 

a/\^^(Dg|3^x^;i, < t7';u^;ua /N /7j^7' 
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[0019] 

[Chemical Formula 5] 



[0020] 

[Chemical Formula 6] 

H 0 

I II 

N-CCH 2 CHCH2CH = CHR 9 (6) 
C00H 

[0021] 

In above-mentioned 2 Formula, as for Rg and R 9 with 
alkyl group or alkenyl group of carbon number 6-18, as for 
R 7 alkyl group of hydrogen atom or the carbon number 1-5 is 
shown. 

Those where R<> is desirable, with alkenyl group of carbon 
number 10-14, the particularly preferably dodecenyl 
(-CH, 2 H 2 5 ) or are dodecadienyl (-CH 12 H 23 ). 

Those where Rg and R9 are desirable are alkyl group of the 
carbon number 8-16. 

As embodiment of Rg and R$, you can list for example 
hexyk octyk nonyk decyk undecyk dodecyk 
tetradecyk heptadecyk octadecyk hexenyk octenyk 
nonenyk decenyk undecenyk dodecenyk tetradecenyk 
heptadecenyk octadecenyk hexadienyk octadienyk 
nonadienyk decadienyk undecadienyk dodecadienyk 
tetradecadienyk heptadecadienyk octadecadienyl etc. 



[0022] 

As embodiment of R 7 , you can list for example n- propyl* 
isopropyk n- butyk isobutyk t- butyl, and n- pentyk 
isopentyk neopentyk t- pentyk 2- methyl butyl etc. 

It is possible to use these alkyl succinic acid and its 
derivative, with 1 kind alone it is possible to useand, 
combining 2 kinds or more, but being a combination 
preferably 2 kinds or more, it is a partial ester of particularly 
preferably alkenyl succinic acid and a combination alkyl 
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^i±* ^Ti^-rayr^p 

0.1-2 M%r*fe*;i<kA<&ST-fcy*#£L< 
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*%* t$K#3;L<(± 0.2-0.35 S«%-Cfc*o 

fij£(±* 0.1-3 M%-efc4ci:MItfey, 
»£L<f± 0.1-1 S«%* ££>C:W£L<I± 
0.2-0.5 fig%* $$(::# £L<(± 0.25-0.5 «S% 

-y^z?T^ha>m^m^\t. o.i-i «fi%-efc 
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S6l::»*L<(* 0.1-0.3 mS%. f$C:#*L<I± 
0.2-0,25 li%t*So 

(±.0.001-0.5 M%T-fc6C£*<i&^"Cfcy. 
#*L<I± 0.002-0.2 »»%* *#lwJf3:L<l± 

0.005-0.2 «a%-efe€>e 

(i.o.oi-o.5 m«%t?&*-<t*<^®-efcy.» 

£L<(± 0.03-0.2 «»%T*fcy. ££I^»£L<I± 

0.03-0.15 sa%*c&£o 
*^0jo)^x^-e>;*3!a^icfc^ri±. * 

yiwt£jett**:r*#**-tr>»iBjMfc* 



[0024] 

aic*y*&ic#a»HDfflSE*LTti<kt^. 



[0025] 



succinic acid amide. 
[0023] 

In gas turbine oil composition of this invention, proportion of 
above-mentioned each additive which is combined to mineral 
oil which is a base oil is, as shown below. 

proportion of alkylated diphenylamine is 0.1 - 2 wt%, being 
necessary densely, the preferably 0.1-0.6 weight%* 
furthermore it is a preferably 0.2-0.5 weight%* particularly 
preferably 0.2-0.35 weight%. 

alkylation phenyl-;al -naphthyl amine proportion is 0.1 - 3 
wt%, being necessarydensely, preferably 0.1-1 weight%* 
furthermore it is a preferably 0.2-0.5 weight%* particularly 
preferably 0.25-0.5 weight%. 

proportion of phosphite is 0.1 - 1 weight%, being necessary 
densely, the preferably 0.1-0.4 weight%* furthermore it is a 
preferably 0.1-0. 3 wt%* particularly preferably 0.2-0.25 
weight%. 

proportion of benzotriazole and its derivative is 0.001 - 0.5 
weight%, being necessary densely,it is a preferably 0.002-0. 
2 wt%* particularly preferably 0.005-0. 2 wt%. 

proportion of alkyl succinic acid and its derivative is 0.01 - 
0.5 weight%, being necessary densely ,with preferably 0.03-0. 
2 wt% , furthermore it is a preferably 0.03-0.1 5 weight%. 

Regarding gas turbine oil composition of this invention, as 
extremely high oxidative stability is shown by in the mineral 
oil which is a base oil combining above-mentioned additive 
with theabove-mentioned proportion, in under high 
temperature condition, occurrence of sludge quite is superior 
little in color stability, extends to long period andean acquire 
gas turbine oil composition which possesses oxidative 
stability. 

[0024] 

Furthermore, furthermore it is possible to combine various 
additives to the gas turbine oil composition of this invention, 
with desire. 

As various additives, you can list for example 
styrene-butadiene water addition copolymer* ethylene 
propylene copolymer* polyisobutylene* polymethacrylate 
or other pour point depressant* polyacrylate* poly 
dimethylsiloxane or other foam inhibitor* ethylene 
oxide-propylene oxide copolymer or other demulsifier etc. 

[0025] 
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[0026] 

fc*s\ *fgBJjli % C*Lf>(D^JICJ;o-CHe>*iJIS^ 
[0027] 

iWb**tta>»fli3&ai 

(1) RBOT(#) 

X.JIS K2514 l=M£&tlTlt$l3|£7tC:/<<<£ 

BMbgej£j£Si»l=«fc.54,<J!> 0 

(2) COST &<D±&<iii*0(mgKOH/g), 

•lb * (%) .X7'yi/4fiJi (mg/lOOml) , 41 
(ASTM) 

cost i*. m.&mmmfoo>wm73&o>—ox'. 

FTM-791b-5308-6 left £&h.Tl*ft. 
^Sj&SfllJIZfcUTI*, MIL-L-223699 

l=tt*ttfflU SS^SSli 175 deg C lzLtz 0 

u &<n&mz*>t-%mv$i%mz'z^xw& 
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It can produce gas turbine oil composition of this invention, 
above-mentioned additive bycombining to mineral oil or 
synthetic oil which is a base oil. 

mixing method or addition method of base oil or additive, it is 
not somethingwhich especially is restricted, it does with 
various methods it is possibledensely, does also mixing order 
and addition sequence with various mixing order and the 
addition sequence it is possible densely. 

sequential it is possible to for example base oil to add each 
additive and, mixingeach additive beforehand, it is possible to 
add to mineral oil. 

You can use gas turbine oil composition of this invention, for 
various gas turbine,, but it iseffective to gas turbine which 
becomes core of especially combined cycle generation of 
electricity. 

[0026] 

[Working Example(s)] 

Next, this invention furthermore is explained concretely with 
Working Example . ■ 

Furthermore, this invention is not something which is 
restricted with theseexamples. 

Following to following method, it did evaluation method in 
Working Example and Comparative Example. 

[0027] 

evaluation method of oxidative stability 
(l)RBOT (Amount) 

With one of method which appraises oxidation resistance 
talent of the lubricating oil, with rotating bomb oxidation test 
which is enacted in JIS K25 14 thing. 

total acid value increase after (2) COST (mg KOH/g ), 
viscosity change (%), sludge production quantity (mg/100 
ml ), hue (ASTM ) 

COST, with one of evaluation method of lubricating oil for 
aircraft, isenacted in FTM-791b-5308-6. 

Regarding this working example, modifying test piece* test 
temperature in accordance with MIL-L-223699, it executed 
test. 

namely, test piece used silver in place of cadmium plating 
steel, designated test temperature as 175 deg C. 

In addition, it executed test concerning test time, and in 
addition to72 hours of rule furthermore concerning long 96 
hours itverified concerning oxidative stability which covers 
long period of oil. 
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-tut* m&Ltz$—e>fomj&m~^xo> 
um'&<D±mmmi>n. «Mfls*(@37.8 de g 

C)* X9^S?±««*iktt»«Lfc. 

^fc.feffil^OlNTt. ASTMD-1500 dcfcUM 
[0028] 

(3)TOST *0±»fflitJn-.RBOT(»). ft« 
(ASTM) 

JSCD— 07?* JIS K2514 (ZlMje*;h/Cl*6*— If 

JIS K2514 |Cl*.«S**tTL^ttl^36<.K«* 
<D*fX*— tf>»<D RBOT. feffi(ASTM)lCO 

[0029] 

tta(Sa) 

ft. *&t**ft««iLfc»a-e, iso 
vg32 a)t©-c*y.»ai^**i**»JH» 

I* ASTM D3238 <7)H##f ^(n-d-m)lC<kS5WS 

— «iC(l)lcj3t>T. R|* R 2 tK^HT-. 
-C 4 H 9 * -C 8 H l7 (Dt^*t*>©li**3b'& 



total acid value increases viscosity change after testing and, 
concerning turbine oil composition which ismanufactured (@ 
37.8 deg C ), sludge production quantity comparative 
evaluation was done. 

When total acid value increase* viscosity change* sludge 
production quantity is small, there is a gas turbine oil which is 
superiorin oxidative stability, those where sludge production 
is little from aspect of the practicality as especially gas turbine 
oil are desirable. 

In addition, concerning hue, it measured due to ASTM 
D- 1 500 , compared. 

[0028] 

total acid value increase* RBOT after (3) TOST (Amount), 
hue (ASTM ) 

TOST with one of method which appraises oxidation 
resistance talentof lubricating oil, with turbine oil oxidation 
stability test method which is enacted in JIS K2514 with 
thething, displays test result with total acid number after test 
time which isstipulated. 

It is not stipulated in JIS K25 14 . Concerning RBOT* hue 
(ASTM ) of gas turbine oil after testing it 
measured, compared. 

It is a turbine oil which possesses oxidative stability which 
covers extent and the long period where these are superior, it 
has shown densely. 

[0029] 

Next, mineral oil which is used in Working Example and 
Comparative Example and each additive is shownbelow. 

mineral oil (base oil ) 

vacuum gas oil solvent extraction it does base oil A-D, with 
furfural, with methylethyl ketone after solvent dewaxing, 
furthermore with base oil which hydrogenation purification is 
done, viscosity with those of ISO VG32, as for aromatic 
fraction which is includedin base oil is measurement result 
with ring analysis method (n- d-m ) of ASTM D3238. 

alkyl diphenylamine 

In General Formula (1), Ri * R 2 , blend 0 of combination of 
any of hydrogen atom* -C 4 H 9 * -C 8 Hi 7 



[0030] 

(2)lCjSlvc» R 3 tfs -C 8 H 17 <D*><Do 

— «S6(4)-ea**L*K>!/hUTvr— ;u. 



[0030] 

alkylation phenyl-;al -naphthyl amine General Formula in (2), 
R 3 , -C 8 H 17 thing. 

benzotriazole 

benzotriazoleo which is displayed with general formula (4) 
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TE«3fta>tifl>. 

[0031] 
lit 6] 

t-CA 




t-CJI, 



hindered phenol 

Those of below-mentioned structure. 
[0031] 

[Chemical Formula 6] 



t-CJi 



[0032] 

t;u^uzj/\^S?^<*(1) 

[0033] 

7^*;ua/\^»»»(t(2) 

-«&SC(6)(Cfcl>r . Rs 12 0)7i^U 

*"c*y.R9#«*« 12 <DT;u*;m-e*« 

[0034] 

SlJfcflJl 

3/N^KR«M*(i)ai;jH««l*.* l 

** 1 fc^Lfco 
[0035] 

njfi^a 2 



*ttfflu T;u*ju=j/\^»»»ft(i)<D-ft*>y 

[0036] 

HS6^J3 



[0032] 

alkyl succinic acid derivative (1) 

In general formula (5), Re with alkenyl group of carbon 
number 12, R 7 is alkyl group of carbon number 5 thing. 

[0033] 

alkyl succinic acid derivative (2) 

In general formula (6), R« with alkyl group of carbon number 
12, R9 is alkyl group of carbon number 12 thing. 

[0034] 

Working Example 1 

In base oil A, manufactured alkylated diphenylamine* 
alkylation phenyl-;al -naphthyl amine* tri isooctyl 
phosphite* benzotriazole* alkyl succinic acid derivative (1) 
and it combined with proportion which is shown foam 
inhibitor, in Table 1, gas turbine oil composition. 

You appraised gas turbine oil composition, showed result in 
Table 1. 

[0035] 

Working Example 2 

In Working Example 1, you used biphenyl isodecyl phosphite 
in place of tri isooctyl phosphite, other thanusing alkyl 
succinic acid derivative (2) in place of alkyl succinic acid 
derivative (1), as Working Example 1 you combinedwith 
proportion which is shown same component in Table 
1, manufactured gas turbine oil composition. 

[0036] 

Working Example 3 
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mmm 1 leaser. MMva-^^a-x^T-f 

»f*(l)<t#ICT;U*;U3M*BgR«tt(2)£te 

mLtzU9Utmfom 1 imi:«#s* 1 

[0037] 
[0038] 



Xlfeffl i leaser. h l M s j*9w?*xyT'< . 
s^nsE^a^-cE^u *r**-tf>am 

[0039] 

ttfftfll l 

£S 2 iz^Lfco 
[0040] 
ttttfl 2 

y d HJ ^(2,4- v-t-^^;u^x-;up ^-x^T-f h 

*fl£JBU 7;U*;Ua/\£BgK«i*(l)lCft*T 

T;u*;u3/\^HR»(*(2)*«fflL. *>VMJ 
i a 2 i::jf*;k*e*«*-cea 

tta>w ffitfTiv *-a>$s* 

£S 2 (C^Lfco 
[0041] 



In Working Example 1 , you used tris (2 and 4 -di-t-butyl 
phenyl ) phosphite in place of tri isooctyl 
phosphite,fiirthermore with alkyl succinic acid derivative (1) 
other than using alkyl succinic acid derivative (2), as the 
Working Example 1 you combined with proportion which is 
shown same component in the Table 1, manufactured gas 
turbine oil composition. 

[0037] 

Working Example 4 

In Working Example 1, other than using tris (2 and 4 
-di-t-butyl phenyl ) phosphite in place of the tri isooctyl 
phosphite, as Working Example 1 it combined with 
proportion which is shown same component in Table 1 , 
manufactured gas turbine oil composition. 

[0038] 

Working Example 5 

In Working Example 1, you used tris (2 and 4 -di-t-butyl 
phenyl ) phosphite in place of tri isooctyl 
phosphite.furthermore other than using alkyl succinic acid 
derivative (2) in place of alkyl succinic acid derivative (1), as 
Working Example 1 you combined with proportion which is 
shown same component in Table 1, manufactured gas turbine 
oil composition. 

[0039] 

Comparative Example 1 

It did not add tri isooctyl phosphite to base oil A, replaced to 
alkyl succinic acid derivative (1) andother than adding alkyl 
succinic acid derivative (2), as Working Example 1 it 
combined with the proportion which is shown same 
component, in Table 2, manufactured the gas turbine oil 
composition. 

You appraised gas turbine oil composition, showed result in 
Table 2. 

[0040] 

Comparative Example 2 

In base oil A, you used tris (2 and 4 -di-t-butyl phenyl ) 
phosphite in place of tri isooctyl phosphite,replaced to alkyl 
succinic acid derivative (1) and used alkyl succinic acid 
derivative (2), besides benzotriazole derivative isnot added as 
Working Example 1 you combined with proportion which is 
shown thesame component, in Table 2, manufactured gas 
turbine oil composition. 

You appraised gas turbine oil composition, showed result in 
Table 2. 

[0041] 
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inn 5 tmmzLxiSTst-ti^temf&wzM 

SLfco 

[0042] 
tttt« 4 

«Lfc. 
[0043] 

axons 

£S 3 IctfLTco 
[0044] 

''Jttt«6 

— K*7xy— ;u. hyx(2,4-5/-t-^^;u^x— ;up 

MI*-eE*U 
Ltzo 

£X 3 ICtinLTco 
[0045] 
ifc&flU 7 

*o&m&m. 3 

[0046] 

lii] 



Comparative Example 3 

Other than using base oil B in place of base oil A, gas turbine 
oil composition wasmanufactured to similar to Working 
Example 5. 

You appraised gas turbine oil composition, showed result in 
Table 3. 

[0042] 

Comparative Example 4 

Other than using base oil C in place of base oil A, gas turbine 
oil composition wasmanufactured to similar to Working 
Example 5. 

You appraised gas turbine oil composition, showed result in 
Table 3. 

[0043] 

Comparative Example 5 

Other than using base oil D in place of base oil A, gas turbine 
oil composition wasmanufactured to similar to Working 
Example 5. 

You appraised gas turbine oil composition, showed result in 
Table 3. 

[0044] 

Comparative Example 6 

In base oil B, manufactured alkylated diphenylamine* 
hindered phenoL tris (2 and 4 -di-t-butyl phenyl ) 
phosphite* benzotriazole* alkyl succinic acid derivative (1) 
and it combined with proportion which is shown foam 
inhibitor, in Table 3, gas turbine oil composition. 

You appraised gas turbine oil composition, showed result in 
Table 3. 

[0045] 

Comparative Example 7 

commercial mineral oil type gas turbine oil comparative 
evaluation was done. 

Result was shown in Table 3 . 

[0046] 

[Table 1] 
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^!!dll!^!dli!^KiHe3^Clg3^siK| 




A 


A 


A 


A 


A 




0.0 


0.0 


0.0 


0.0 


0.0 


&t&# ppm 


1 


1 


1 


1 


1 




119 


119 


119 


119 


119 
















0.25 


0.30 


ft QC 

0.25 


A OA 

O.oU 


A OD 




0.30 


0.25 


0.40 


0.40 


0.28 




a 

0.3 


b 

0.4 


C 

0.25 


c 

0.5 


c 
0.23 




0.005 


0.008 


0.01 


0.02 


0.007 


r^;W3^^1fcSNM* CD 


0.05 





0.04 


0.05 









0.05 


0.02 




0.06 


mshmrm 








0.05 












n op 








0 nop 






0 002 


IVDU 1 xyx J 


1950 


2000 


2150 


3760 


2200 


cost (72 mn « 












ttSBMB* (96) 


2.80 


3.0 


2.30 


3.00 


2.50 


^gWBlttni (mgKOH/g) 


0.05 


0.08 


a aa 

0.00 


A AA 

0.00 


All 


X?r^ (mg/ 100ml) 


1.2 


1.6 


0.9 


2.0 


1.5 


feffi (ASTM) 


L4.5 


L5.0 


L4.0 


L4.0 


L4.5 


COST (96Bf(ffl) (ft 
















ft ^ 


0. x 


7 00 


16.0 


Mmma (mgKOH/g) 


0.34 


0.52 


0,28 


0.46 


1.65 


-z^^iP fmp y 100m 11 


1.8 


2.1 


1.2 


4.1 


1.8 


feffl (ASTM) 


L8.0 


L8.0 


L7.5 


L8.0 


L7.5 


TOST2000&Jfa& 












^MKiflra (mgKOH/g) 


0.00 


0.00 


0.00 


0.00 




ROBT (30 


1200 


1150 


1930 


1850 




feffi (ASTM) 


L5.5 


L5.5 


L3.0 


L6.0 





[0047] [0047] 
[$2] [Table 2] 
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mm2 




A 


A 




0.0 


0.0 


ffl&ft ppm 


1 


1 




119 


119 


mm (M&%) 








0.23 


0.23 




0.28 


0.28 




_ 


c 
0.23 




0.007 


— 


T^;wn^*lfcg§Stt (l) 


_ 


_ 


T^^vl/n^N^ttfgflK*: (2) 


0.06 


0.06 








1/U7U1 UJl'J 








0.002 


0.002 


RBOT (4)0 


1830 


2160 


COST (72 m « 






ttJKtt* (96) 


47.8 


28.1 


^WiffiSn (mgKOH/g) 


7.72 


5.12 


X?y i> (mg/ 100ml) 


3.5 


6.0 


fete (ASTM) 


D8.0 


D8.0 


COST (98&£IS) & 






tt#&*t* (96) 


- 




^iW»i«Jn (mgKOH/g) 


— 


. — 


X7y i> (mg/ 100ml) 






feft (ASTM) 






TOST2000^fa« 






^BMffi«l (mgKOH/g) 






ROBT (30 






fete (ASTM) 







[0048] 
[Table 3] 



[0048] 
[« 3] 
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r> 
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p 
\0 


r\ 
u 


n 

D 


TP 
JR 
© 
St 

X 

1 

tr 


%&m& saw 


0.6 


3.7 


2.8 


0.6 




8 


700 


5 


8 




L12 


108 


105 


112 


jjC' !■! *ji /^a--B.ny\ ! 












0.28 


0.28 


0.28 


1,40 




0.28 


0.28 


0.28 





t — S \s i y jfc ✓ ' *^ 








0.80 




c 

0.23 


c 

0.23 


c 
0.23 


c 
0.23 






0 007 


0.007 


0.007 













0.06 


y***n*9WHW* <2) 


0.06 


0.06 


0.06 


— 




0.002 


0.002 


0.002 


0.002 




1810 


750 


1140 


1370 


1920 


COST (72B#|S) ft 












KftS^ (») 


21.3 


21.9 


73.8 


61.1 


35.8 


^KWiflni CmgKOH/g) 


2.85 


4.30 


8.38 


7.17 


4.12 


X5tr^ (mg/ 100ml) 


2.9 


30.2 


60.5 


40.7 


6.0 


feffi (ASTM) 


D8.0 


D8.0 


D8.0 


D8.0 


D8.0 



Furthermore, English letter of phosphite column means 
followingones in Table 1 . Table 2 and Table 3. 

a: tri isooctyl phosphite 

b: biphenyl isodecyl phosphite 

c: tris (2 and 4 -di-t-butyl phenyl ) phosphite 

[0049] 

[Effects of the Invention] 

As for gas turbine oil composition of this invention, as 
extremely high oxidative stability is shown in under the high 
temperature condition, sludge generation quite is superior 
little in color stability, extendsto long period and shows 
oxidative stability. 



#*>\ a u a 2 3 leaser . 7**77 4 

aihU-TV^^U^^X^T-fh 
b:v?x— )^J^riy)V7*7s77^h 
c:h l )*(2A-i>-t-?T)i'73L—)l')7*7>774h 
[0049] 
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